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This centering places most of isohyets "A" through "G" within the basin
area between Wheeler Dam and Chickamauga Dam. Isohyets "H'" and "I" were
shifted or warped. The warping was done so as to minimize the rainfall
that occurs outside the basin and to preserve the correct total volume
of PMP.

For the three other drainages considered in this report, the Tennessee
River between Kentucky Dam and the major tributary dams, the Cumberland River
above 01d Hickory Dam, and the uncontrolled drainage of the Cumberland River
between 0ld Hickory Dam and the major tributary dams, the basic elliptical
pattern with a major-to-minor axis ratio of 2:1 is recommended (fig. 5-1).
For application to these drainages, no warping of the isohyetal pattern is
recommended,

Adjustments in Isohyetal Patterns for Orographic Effect

While some orographic increases in the foothills of the mountainous eastern
portion of the Tennessee River Watershed may be reasonable, as indicated in
chapter III under the section, "Orographic Considerations," the increases
would be small for the Tennessee River Watershed above Kentucky Dam. 1In
addition, the inclusion of the area of the Cumberland drainage would further
decrease the net orographic effect resulting from the mountainous eastern
portion of the basin. One factor supporting this contention is the inability
of a particular wind direction to produce orographic increases in both the
Tennessee and the adjoining Cumberland Watershed simultaneously. For ex-
ample, a southwest upslope wind in the Tennessee drainage becomes a downslope
wind in the bordering Cumberland River Watershed.

For the drainages above 0l1ld Hickory Dam (both total and smaller uncon-
trolled), as in the estimate for the Tennessee River above Kentucky Dam, no
warping of the pattern for orography is permitted. The general paralleling
of the ridges (within the relatively small, more rugged headwater portions
of the basin) with the orientation of the recommended isohyetal pattern would
result in terrain increases in rainfall that would be compensated for by
decreases at other locations. Consequently, no net change in the isohyetal
pattern or total volume of rainfall for the basin due to orography is nec-
essary. Similarly, the conclusion of no net orographic effect is reasonable
for the smaller uncontrolled portion of the basin above 0l1d Hickory Dam,

Isohyetal Labels

The PMP estimate (or TVA precipitation estimate) for a particular basin
for any duration determines the total volume of rainfall over that size area
for that duration. The distribution of rainfall within the basin is defined
by depth-area relations and isohyetal patterns. In the previous section,
the shapes of typical isohyetal patterns were described for the four basins
of concern within this report. The next step is to determine the labels
that will be placed upon the isohyetal pattern to maintain the correct total
volume of precipitation.
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The basic procedures for determining the within-basin concentration of
rainfall were handled by an adaptation of the generalized methods developed
in HMR 40 (U. S. Weather Bureau 1965). Comparison of the isohyetal gradients
in large storms that could affect the Tennessee River Watershed with those
used in the development of these procedures verified their applicability.

The initial nomograms for developing isohyetal labels for pattern storms
were published in HMR 45 as figures 3-24 to 3-26. In an addendum to HMR 45
(in press) the figures were further smoothed and extended. These revised
figures provide the basis for the development of the isohyetal labels shown
in tables 5-1 to 5-7.

Isohyetal labels for the two basins within the Tennessee River Valley are
given in tables 5-1 to 5-4. Table 5-1 provides labels for isohyets "A" to
"I" for PMP and table 5~2 for TVA precipitation for the 16,170-sq-mi area of
the Tennessee River above Wheeler Dam and below the major tributary dams.
Tables 5-3 and 5-4 give similar information for ischyets "A" to "P" for the
26,780-sq-mi drainage of the Tennessee River above Kentucky Dam and below
the major tributary dams. Tables 5-5 to 5~7 provide the PMP and TVA pre-
cipitation isohyetal labels for the Cumberland River Watershed. Tables 5-5
and 5-6 provide isohyetal labels for the total 11,674-sq-mi drainage of the
Cumberland River above 0ld Hickory Dam. Table 5-7 provides both the PMP and
TVA precipitation isohyetal labels for the uncontrolled 2,734-sq-mi drainage
area above 0ld Hickory Dam. Labels are provided for isohyets "A" to "I."

The within-basin relation developed for the area above Kentucky Dam pro-
vides PMP (and TVA precipitation) values for area sizes from about 10,000
sq mi up to areas a little larger than the key 26,780-8q-mi area. For
areas less than 10,000 sq mi for the maximum 6-hr increment, the greatest
departure is at the smallest area where it is about two-thirds of PMP,
This is in accordance with present meteorological judgment that a single
storm would not produce the PMP for all durations and sizes of area over
a particular basin.

The canal connecting the Tennessee and Cumberland River Watersheds near
Kentucky Dam on the Tennessee River requires consideration of rainfall on
the Cumberland drainage when PMP is centered on the Tennessee drainage.
Meteorological judgment indicates that storms which produce PMP over the
Tennessee drainage would not concurrently produce PMP over the adjoining
Cumberland drainage. Therefore, depths are less than PMP for areas signifi-
cantly larger than the basin size. The greatest departures for 100,000 sq mi
was 8 percent below PMP.

Rotation of Isohyetal Patterns
Historically, the rotation of isohyetal patterns in PMP estimates has been

restricted to meteorological limits that do not require a change in the
rainfall magnitude. We may turn to hypothetical storm sequences for large



Table 5-1.--Values of PMP isohyets for the 16,170-sq-mi Tennessee River
Watershed between Wheeler Dam and the major tributary dams

Isohyet
A B Cc D E F G H I
Isohyet values (in)

lst 6 hrs 12.7 11.0 9.2 8.1 6.9 6.1 5.3 4.1 2.7
2d 6 hrs 4.0 3.7 3.5 3.3 3.0 2.8 2.6 2.1 1.6
3d 6 hrs 3.0 2.8 2.6 2.4 2.2 2.1 1.9 1.7 1.3
4th to

12th 6~hr Uniform areal distribution

period

Accumulative area (sq mi)
60 265 740 1,625 3,185 5,190 7,725 14,450 25,545

Table 5-2.--Values of TVA precipitation isohyets for the 16,170-sq-mi
Tennessee River Watershed between Wheeler Dam and the major
tributary dams

Isohyet
A B C D E F G H I
Isohyet values (in)

1st 6 hrs 7.9 6.8 5.7 5.0 4.3 3.8 3.3 2.5 1.7
24 6 hrs 2.5 2.3 2.2 2.0 1.9 1.7 1.6 1.3 1.0
3d 6 hrs 1.9 1.7 1.6 1.5 1.4 1.3 1.2 1.1 0.8
4th to

12th 6-hr Uniform areal distribution

period

Accumulative area (sq mi)
(See table 5-1)
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Table 5-3.--Values of PMP isohyets for the 26,780-sq-mi Tennessee River
Watershed between Kentucky Dam and the major tributary dams

Isohyet
A B C D E F G H 1
Isohyet values (in)
lst 6 hrs 13.5 11.6 10.1 8.5 7.0 5.9 5.0 3.7 2.5
2d 6 hrs 4,1 3.6 3.5 3.3 3.1 2.5 2.3 2.2 2.1
3d 6 hrs 3.2 2.8 2.5 2.3 2.0 1.8 1.7 1.6 1.5
4th to
12th 6-hr Uniform areal distribution
period
Accumulative area (sq mi)
60 265 740 1,625 3,185 5,190 7,725 14,450 25,545
Isohyet--~Continued
J K L M N 0 P
Isohyet values (in)

lst 6 hrs 2.2 1.8 1.6 1.3 1.1 0.9 0.7
2d 6 hrs 1.8 1.6 1.3 1.2 1.1 0.8 0.6
3d 6 hrs 1.4 1.3 1.2 1.1 0.9 0.7 0.5
4th to
12th 6~hr Uniform areal distribution
period

35,315

Accumulative area (sq mi)
46,200 58,420 70,940 82,920 98,350 118,960




Table 5-4.--Values of TVA precipitation isohyets for the 26,780-sq-mi
Tennessee River Watershed between Kentucky Dam and the
major tributary dams

Isohyet
A B C D E F G H I
Isohyet values (in)

1st 6 hrs 9.4 8.1 7.1 6.0 4.9 4.1 3.5 2.6 1.7
2d 6 hrs 2.9 2.5 2.4 2.3 2,2 1.8 1.6 1.5 1.5
3d 6 hrs 2.2 2.0 1.8 1.6 1.4 1.3 1.2 1.1 1.0
4th to
12th 6-hr Uniform areal distribution
period

Accumulative area (sq mi)

(See table 5-3)
Isohyet--Continued
J K L M N 0 P

Isohyet values (in)
1st 6 hrs 1.5 1.3 1.1 0.9 0.8 0.6 0.5
2d 6 hrs 1.3 1.1 0.9 0.8 0.8 0.6 0.4
3d 6 hrs 1.0 0.9 0.8 0.8 0.6 0.5 0.4
4th to
12th 6~hr Uniform areal distribution
period

Accumulative area (sq mi)
(See table 5-3)
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Table 5-5.--Values of PMP ischyets for the 11,674-sq-mi Cumberland River
Watershed above 01d Hickory Dam
Isohyet
A B C D E F I
Isohyet values (in)

1lst 6 hrs 3.0 10.5 9.2 7.9 6.6 5.3 4.3 2.9 2.2
2d 6 hrs 4.1 3.3 3.0 2.8 2.7 2.7 2.6 2.4 2.2
3d 6 hrs 3.2 2.7 2.6 2.3 2.0 2.0 2.0 1.9 1.1
4th to
12th 6-hr Uniform areal distribution
period

Accumulative area (sq mi)

(See table 5-1)

Table 5-6.-~Values of TVA precipitation isohyets for the 11,674-sq-mi

Cumberland River Watershed above 0ld Hickory Dam

Isohyet
A B C D E F I
Isohyet values (in)

1st 6 hrs 8.1 6.5 5.7 4,9 4.1 3.3 2.7 1.8 1.4
2d 6 hrs 2.5 2.0 1.9 1.7 1.7 1.7 1.6 1.5 1.4
3d 6 hrs 2.0 1.7 1.6 1.4 1.3 1.2 1.2 1.2 .7
4th to

12th 6é-hr Uniform areal distribution

period

Accumulative area (sq mi)

(See table 5-1)
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Table 5-7.--Values of PMP and TVA precipitation isohyets for the uncon-
trolled 2,734-sq-mi drainage above 0ld Hickory Dam

Isohyet
A B C D E F G H I
Isohyet values (in)

1st 6 hrs
PMP 16.4 13.8 11.8 10.3 7.0 5.2 4,0 2.8 2.1
TVA 9.8 8.3 7.1 6.2 4,2 3.1 2.4 1.7 1.3
2d to
12th 6-hr Uniform areal distribution
period

Accumulative area (sq mi)
(see table 5-1)

areas to see what has been done with the rotation of large isohyetal patterns.
For example, in the Cumberland report (U, S. Weather Bureau 1955), rotations
of isohyetal patterns of 10° to 20° were suggested for the various storms
comprising the hypothetical sequences. Rotations of 4° to 10° were generally
used in the hypothetical sequences in the Ohio report (U. S. Weather Bureau
1961). It is possible to have such limited variations in storm orientations
without postulating any significant changes in the storm mechanism.

One hypothesis is that the orientation of rainfall patterns for very large
areas may be significantly tied to major atmospheric controls. This was
shown to be true in former studies (U. S. Weather Bureau 1956, 1965). These
studies showed that large—area rains in Eastern United States formed iso-
hyetal patterns that were roughly in accordance with stationary or quasi-
stationary patterns of wind flow aloft. In other words, the flow through
the total atmosphere controls the path of rain-producing mechanisms. Since
this is true with the largest storms, we hypothesize that the optimum rain-
fall efficiency would exist with a particular fixing of the broad-scale
atmospheric controls. Patterns aloft that do not conform to this optimum
broad-scale pattern ought, therefore, to produce concentrated rains of lesser
magnitude than those that would occur with the optimum flow pattern.

To quantify the variation of rainfall depths as the flow pattern departs
from the optimum in the region of the Tennessee and Cumberland drainages, an
empirical study was conducted of the orientation of isohyetal patterns of
large storms in this region reported in "Storm Rainfall in the United
States" (Corps of Engineers, U. S. Army 1945-.). All 72-hr storms within a
broad region (fig. 5-5), which extended through areas of 20,000 to 50,000
sq mi, were investigated., The storms considered were those in which the
rainfall center occurred within the solid lines surrounding the Tennessee
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River Watershed in the figure. In addition to the rainfall center occurring
within this rather broad geographic area, a significant portion of the iso-
hyetal pattern had to occur within the hatched area of figure 5-5. Eighty-
two storms occurred within these geographical limits. Ten of these were
tropical storms and were excluded from the data sample since an adjustment
was desired appropriate to cool-season storm characteristics.

After the isohyetal pattern orientations were determined for the remaining
72 storms, rainfall magnitude was plotted versus isohyetal pattern orienta-
tion. Means and 80-percent envelopments of the rainfall data, within
orientation intervals of 20°, were analyzed. Figure 5-6 shows a plot of
the 20,000-sq-mi 72-hr data. Also shown on this figure are curves for means
and 80-percent envelopments of these data combined with similar data for
50,000 sq mi and 72 hrs. Definite trends with orientation resulted and
were then subjectively smoothed. Heaviest rains were suggested for patterns
with the major axis orientation aligned between 185° and 205°, The adopted

curve (in terms of rainfall corrections) is shown in both figure 5-6 and
figure 5-7.

No significant seasonal or geographical trends were noted in the data.
In addition, moisture-maximized storm rainfall did not suggest a consistent
departure from the adopted curve. The percentage adjustments from the
adopted curve are given in table 5-8. These adjustments are applied to
isohyetal values. It should be noted that the data sample was somewhat
restricted and contained primarily those orientations within the range
shown in figure 5-7. -

Physically, the result shown in figure 5-7 can be interpreted to mean
the average steering current aloft for the most efficient storms would be
oriented approximately along 195°-15°. Large-area storms typically stem
from low-pressure systems moving along a zone between air masses with
contrasting temperatures. Successive waves (low-pressure systems) following
along approximately the same track, controlled by the direction of the
steering currents of the total atmosphere, result in the elongation of the
precipitation pattern. Furthermore, over the Eastern United States, where
the Gulf of Mexico is a major moisture source in situations producing sig-
nificant rainfall, the most favorable persistent rain-producing situation
is where a sustained flow of moist air exists, particularly in the low
levels, with pronounced components from the south or southwest. When these
winds swing around too much to a westerly direction, reducing the flow of
air from the moisture source, rainfall decreases.

Thus, the results of this empirical study support the reasonable physical
hypothesis that within the Tennessee and Cumberland River Watersheds rain-
fall magnitude and orientation of the isohyetal pattern should be related.
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Table 5-8.,--Adjustments of rainfall for isohyetal orientation

Major axis
orientation Rainfall
(degrees from north) adjustment (%)

195 0
205 _ 0
215 -1
225 -3
235 =5
245 -8
255 -11
265 -14
275 =17
285 =21

Time Distribution

Six-hr increments of PMP and TVA precipitation are obtained by taking
differences of the accumulated rainfalls in tables 2-1 to 2-4 for the
various basins. Certain guidelines are recommended for time arrangements
of these increments. The user may select a critical sequence in accordance
with the guidelines given below.

1. Group the four heaviest 6-hr increments of the 72-hr PMP or TVA
precipitation in a 24-hr period, the middle four increments in a
24-hr period, and the smallest four increments in a 24-hr period.

2. Arrange the three 24-hr periods with the second highest next to

the highest, with the third highest (actually lowest) at either end.

Any of the possible arrangements of the three 24-hr periods is accepta-
ble, with the exception of placing the lowest 24-hr period in the middle,

3. Arrange the 6-hr increments within each 24-hr period such that
the highest two and the highest three adjoin.

These suggestions cover the time distribution of precipitation within
the 72-hr PMP and TVA precipitation storms. Recommendations on areal
and time distribution of antecedent rain are covered in chapter VI,
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Chapter VI

ANTECEDENT RAINFALL

Introduction

In HMR 41, antecedent rainfall and its seasonal variation were given for
the 7,980- and 21,400-sq mi basins. The concept involved the use of rain-
fall values that could "readily occur.”" Summer antecedent rainfall for
small basins was covered in HMR 45. In this latter report, emphasis was on
the "equal probability" concept for TVA antecedent rainfall. The rainfalls
antecedent to TVA precipitation are intended to be close to what normally
occurs. They are selected with the intent that the probability of the total
event does not change. Thus, if a 3-day antecedent rain is added to a 3-day
TVA rain with three intervening rainless days, the 9-day event should have
about the same probability as that of the 3-day TVA precipitation event.

The magnitude of antecedent rain to TVA precipitation for this "equal proba-
bility" concept was derived from a joint consideration of rainfall and
streamflow data from flooding situations and was determined to be 20 percent
of the main storm. This proved to be 50 percent of the 40 percent value
used to determine the antecedent storm for the PMP event.

Antecedent PMP and TVA Precipitation Percentages for the Tennessee River
Above Wheeler Dam and the Cumberland River Above 0ld Hickory Dam

The basic concepts and antecedent percentages developed in HMR 41 and
HMR 45 were applied to the 16,170-sq-mi drainage of the Tennessee River
Watershed above Wheeler Dam and the 11,674-sq-mi total drainage above 0ld
Hickory Dam on the Cumberland River. Thus, for both these total drainages,
which are akin to the size areas of concern in HMR 41, rainfall antecedent
to PMP with three intervening rainless days is equal to 40 percent of the
PMP. Maintaining the concept of "equal probability" developed in HMR 45, the
adopted antecedent rainfall to TVA precipitation for these two basins is
50 percent of the percentage adopted for the antecedent conditions prior to
PMP, or 20 percent of the 3-day TVA rainfall.

Antecedent Rainfall Conditions for PMP and TVA Precipitation for the
Tennessee River Watershed Above Kentucky Dam

In order to form judgments as to the general level of antecedent plus PMP
or TVA rainfall for this large drainage, a review and summarization was made
of previously accepted hypothetical storm sequences. Hypothetical sequences
were used because the event that could produce peak discharge or peak volume
of runoff in a basin of the size of the combined Cumberland-Tennessee drain-
age would have to be of a longer duration than what is usually regarded as
a single storm (72-hr interval). Furthermore, downstream progression of
rainfall as can be simulated by hypothetical sequences would likely produce
the most severe hydrologic sequence. Historically, the hypothetical sequence
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technique was developed for very large drainages where just a single 3-day
storm event cannot produce a major flood. A recent summarized discussion
of this technique is covered in WMO Technical Note No, 98 (World Meteoro-
logical Organization 1969).

Conclusions From Former Hypothetical Sequences

The review of earlier hypothetical sequences concentrated on seven se-
quences used in the Cumberland report (U. S. Weather Bureau 1955). Evalu-
ations of long-duration rain potential were made of two cases: 1) where
no storms were maximized for moisture and 2) where one storm in each se-
quence was maximized. Both upstream and downstream progression of rainfall
with time were involved in these sequences.

Comparisons of hypothetical sequence rainfall (mean of the seven cases and
the maximum and minimum values of these cases) and the proposed antecedent
plus PMP or TVA precipitation are shown in figure 6-1. A base 9-day period
is used for comparison. For the criteria of this report, the 9-day period
includes 3 days of antecedent rainfall, a 3-day dry interval, and 3 days of
PMP or TVA rainfall. The 3-day PMP comes from the adopted set of DAD curves
of figure 3-5. The antecedent rainfalls are based upon the assumption of
50 percent of the PMP and 25 percent of the TVA precipitation, respectively.
The 25-percent TVA antecedent precipitation is in line with meeting the
"equal probability" criteria developed in HMR 45. TVA precipitation values
result from using the 0.7 ratio of TVA precipitation to PMP adopted for
large—area storms.

Figure 6-1 shows that the adoption of a 50-percent figure for the PMP
antecedent precipitation results in a 9-day rainfall volume, which comes
close to enveloping most of the individual hypothetical sequence data. It
is considered appropriate that the adopted PMP and antecedent rainfall be
above the mean values from the hypothetical sequences since downstream pro-
gression in some of the hypothetical sequences may introduce additional
severity to resulting downstream floods.

Evidence From Long-Duration Actual Storms

An additional study was made of rain ratios (ll- to 3-day and 15- to 3-day)
in significant actual storms of record to detect trends, if any, in ante-
cedent rains with varying area sizes. These storms, unlike the hypothetical
sequences, involve events that did occur consecutively.

The outstanding storms used were of January 5-25, 1937, and the famous
sequence of '"Warner," and "Mounds," Oklahoma, storms covering the period
of May 6-20, 1943 (Corps of Engineers, U. S. Army 1945-.). Figure 6-2 is a
plot of the 11- to 3- and 15~ to 3-day rain ratios from these storms versus
area size. This represents an extension of some earlier work done in
preparation of HMR 41, where areas of only up to around 20,000 sq mi were
of concern. A mean line is drawn through the data of figure 6-2, For areas
of less than 20,000 sq mi, there is no discernible variation, although above
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this area a definite trend exists for larger rain ratios. Based upon the
trend in ratios shown in figure 6-2, the adopted 50-percent antecedent pre-
cipitation for PMP for areas larger than 25,000 sq mi appears reasonable in
comparison to the 40 percent used in HMR 41 and HMR 45 for smaller areas.

Support From Precipitable Water Study

The adopted 50-percent antecedent percentage also appears reasonable based
upon a separate study involving precipitable water and storm efficiency.
Since all rainfall reduces basically to two factors, moisture and mechanism,
it is possible to select a meteorological variable as an index to both
mechanism and moisture. Surface vapor pressure (or dew point) is indicative
of moisture only. However, when we consider an index of moisture through
depth, such as precipitable water, we are implicitly obtaining an index to
mechanism also. That is, with similar surface moisture conditions, one
period may show a higher precipitable water than another with a similar sur-
face moisture condition. The case with the higher total amount of precipi-
table water, then, can be looked upon as having some '"mechanism'" that dis-
tributes moisture through depth rather than restricting it through a lower
layer. This upward movement of moisture is necessary for significant rain-
fall. Also, high values of moisture through depth cases can be associated
with a broad, deep flow of moisture, which usually occurs in advance of
frontal systems, or a flow above the immediate surface layer bringing mois-
ture in and distributing it through the atmosphere. These types of cases
indicate some mechanism that can cause precipitation as well as indicating
higher moisture.

With the above in mind, a survey was made of persisting precipitable water
values as an index of long-duration rainfall potential. Precipitable water
data for Nashville (1946-65) were surveyed and periods where the total pre-
cipitable water in the atmosphere was in excess of 1 in. were selected.

Long enough time intervals surrounding these periods were considered in
order to evaluate antecedent plus basic PMP and TVA precipitation sequences.
The precipitable water does not necessarily have to be consistently above
the threshold value since antecedent rainfall periods may be separated by
several essentially rainless days. March and the first half of April were
chosen for this investigation because this is the season when the proposed
large—-area PMP would occur. All studies were based upon one observation a
day at either 1200 or 1500 GMT.

Mean precipitable water was first determined for each peak of 1 in. or
more of precipitable water for 2 or 3 days duration. The 3 preceding and.
3 following days were alloted as drying intervals, and precipitable water
means (expressed in percent of the peak 2- or 3-day mean values) were
determined centered 5 days before and after the peak period. Interpolated
values were used for missing data.

A total of 17 peak precipitable water cases with both antecedent and
subsequent values were evaluated. Figure 6~3 shows plots of precipitable
water for three March-April periods with some of the selected runs of high
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precipitable water indicated. Although there was much scatter, both the
secondary antecedent and subsequent moisture peaks averaged 59 percent of the
primary moisture peak. This study suggests that if precipitable water were
used to maximum efficiency,* as in the PMP case, centered 5 days before the
PMP (allowance for 3 dry days), the antecedent rainfall could readily be
about 60 percent of the PMP. There are no known studies to indicate the
efficiency of antecedent storms relative to PMP storms. The above results
suggest that the previously adopted cool-season antecedent criteria of 40
percent of the PMP (HMR 41) is representative of storm conditions about
two-thirds as efficient as the PMP. This seems to be realistic.

As the size of the drainage area increases from small areas of 100 sq mi
or smaller to large areas of 10,000 to 20,000 sq mi or larger, the importance
of thunderstorms in producing the PMP becomes less, although it does not
completely disappear. For the larger areas, therefore, sequences of large-
area storms, such as those described in Hydrometeorological Report Nos. 34
and 38 (U. S. Weather Bureau 1956, 1961) should be a major factor. For these
sequences, an intense temperature gradient that can maintain itself in a
nearly fixed geographic location becomes increasingly important. Thus, it
is realistic to surmise that the antecedent storm responsible for large
amounts of precipitation over a large area would be slightly more efficient
than it would be for smaller areas. Increasing the antecedent precipitation
percentage from 40 to 50 percent, therefore, appears to be in the right
direction.

Upstream-Downstream Progression of Rainfall

A study was made of upstream and downstream progression of rainfall in and
near the Tennessee River Watershed. Since a storm moving downstream will,
in general, give a higher crest, downstream progression of storm rainfall is
the more important hydrologically. The data used for the study consisted of
10 years of areal average daily rains computed for the total Tennessee River
drainages above and below Chattanooga (supplied by TVA) and daily rainfall
maps for the months of November through April for a 10-yr period (1954-63).
From the TVA supplied data, all cases of rainfall averaging an inch or more
above Chattanooga were categorized as to whether they preceded, coincided
with, or followed rainfall below Chattanooga. The drainage area above
Chattanooga is 21,400 sq mi and below about 19,000 sq mi. There were 43
cases of daily rainfall above Chattanooga meeting the established criteria
of 1l-in. average depth over the basin. None of these cases were followed
the next day by heavy rains below Chattanooga. Some showed heavy rains on
the downstream basin followed by heavy rains on the upstream basin.

Daily rainfall maps for the 10-yr period were also examined carefully.
These also supported the conclusion that the heavy rains above Chattanooga

*Here, we mean mechanism operates in an optimum manner so that in the PMP
storm the available moisture is being utilized to a maximum extent.



30

followed the heavy rains below Chattanocoga. Even when the threshold was
lowered and the requirement was that only one station have 1 in. or more
of rain in the region above Chattanooga, upstream progression was still
strongly favored.

However, when a significant dry interval is permitted, downstream pro-
gression becomes possible. For the purposes of this report, therefore,
especially when large drainage areas are of concern, as for the Kentucky
Dam project, some allowance for downstream progression could be made. This
is particularly true for the combined PMP and antecedent rainfall event.
This is a maximization step that can appropriately be applied to PMP but not
TVA precipitation,

Application of Results

From the conclusions discussed above and evaluation of other antecedent
rainfall studies for various TVA basins, the following recommendations are
made for the large area involved in the estimate for the large drainage area
above Kentucky Dam:

1. Antecedent rainfall for PMP should be 50 percent of 3-day PMP.

2., Antecedent rainfall for TVA precipitation should be 25 percent
of 3-day TVA precipitation.

3. A dry interval of at least 3 days should precede both the probable
maximum and TVA precipitation.

4. Uniform areal distribution should be used for rainfall antecedent
to TVA precipitation.

5. For rainfall antecedent to PMP, in addition to trying uniform
areal distribution, the rainfall may be patterned after the PMP and
shifted upstream below the major tributary dams. To do this, adjust-
ments are needed for geographical relocation and for isohyetal
pattern orientation. These adjustments have been provided in pre-
vious chatpers.

This final recommendation (No. 5) on PMP antecedent precipitation derived
from the previously discussed study of upstream and downstream progression
and from a review of the Cumberland study (U. S. Weather Bureau 1955) hypo-
thetical sequences in which some downstream progression was permitted.
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LEGEND

TENNESSEE RIVER ABOVE WHEELER DAM
AND BELOW THE MAJOR TRIBUTARY DAMS

TENNESSEE RIVER ABOVE KENTUCKY DAM
AND BELOW THE MAJOR TRIBUTARY DAMS

CUMBERLAND RIVER ABOVE OLD HICKORY DAM

UNCONTROLLED DRAINAGE OF CUMBERLAND
RIVE‘R ABOVE OLD HICKORY DAM
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Figure l-l.--Location of four basins for which PMP and TVA precipitation

are provided.



32

15

1

+0°

LEGEND )dz‘b
(ﬂ[@:ﬂ) REGION COVERED BY HMR 41 R
’

@@ REGION COVERED BY HMR 45

STATUTE MILES

0%

X
|

\ (o] 50 00 150 \

90° 85°

Figure 1-2.--Regions for PMP and TVA precipitation estimates covered by
Hydrometeorological Report Nos. 41 and 45.
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Figure 2-1.--Detailed map of basins for which PMP and TVA precipitation estimates are furnished
in this report. The two major watersheds and dam sites important to the report are shown.
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2. HENDERSON, TENN.  MAR. 1517, 1919 ’
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4. BELLEFONTAINE, OHIO MAR. 2327, 1913
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Figure 3-1.—-March 24-hr 10,000-sq-mi TVA precipitation (in). This figure
was adopted from Hydrometeorological Report No. 41 (fig. 5-2).
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Figure 3-2,--March 24-hr 10,000-sq-mi PMP (in). This figure was adopted
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Figure 3-3.--6~hr 5-sq-mi PMP (in) - western half of Tennessee River
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Figure 3-4,--6-hr 5-sq-mi TVA precipitation (in) - western half of
Tennessee River Watershed (from HMR No. 45, fie, 2-22a),
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Figure 3-5.--Depth-area-duration curves of PMP for (1) Tennessee River
Basin between Wheeler Dam and major tributary dams with rainfall
centered at Nickajack Dam and (2) for Tennessee River Basin between
Kentucky Dam and major tributary dams with rainfall centered at
Fayetteville, Tenn.
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Figure 3-6.--Depth-area-duration curves of TVA precipitation for (1)
Tennessee River Basin between Wheeler Dam and major tributary dams
with rainfall centered at Nickajack Dam and (2) Tennessee River
Basin between Kentucky Dam and major tributary dams with rainfall
centered at Fayetteville, Tenn.
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Figure 3-7.——~March 72-hr 100,000-sq-mi PMP (in.). Lines of generalized PMP
come from moisture-maximized rainfall in major large-area storms in and
surrounding the Tennessee and Cumberland River Watersheds.
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Figure 3-8.--March 72-hr 100,000-sq-mi TVA precipitation (in.).

Lines of

generalized TVA precipitation come from rainfall in major large-area
storms in and around the Tennessee and Cumberland River Watersheds.
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Figure 3-9,—PMP depth—area-duration curves applicable to rainfall centered
at Fayetteville, Tenn. (35°10'N, 86°33'W). The curves are an extension
to 100,000 sq mi of those shown in figure 3-5. Moisture-maximized storm
rainfall values (adjusted to Fayetteville) are plotted on the figure.
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Figure 3-10.--PMP depth-area-duration curves applicable to rainfall
centered at 36°38'N and 85°00'W. These are for the 11,674—sq-mi
drainage above 0ld Hickory Dam,
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Figure 3-11,--PMP depth—area-duration curves applicable to rainfall centered
at 36°18'N, 85°46'W. These are for the 2734-sq-mi uncontrolled drainage
above 01d Hickory Dam. They are derived from warm-season storms,
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Figure 3-13.-—Geographical adjustments for transposing PMP from 36°38'N, 85°00'W to
points within the 11,674-sq-mi drainage above 0ld Hickory Dam.
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Figure 3-14.--Geographical adjustments for transposing PMP from 36°18'N, 85°46'W to
points within the 2734~sq-mi uncontrolled drainage above 0l1d Hickory Dam.
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Figure 5~-1,--Generalized storm pattern with a major-to-minor axis ratio of 2:1, The
total pattern (118,960-sq-mi) is used for the applicable drainage above Kentucky
Dam (tables 5-3 and 5-4). The pattern out to ischyet "I" is used for the other
basin estimates and is the basis for patterns in figures 5-2 to 5~4 (enlarged
scale).

8%



STATUTE MILES
0 10 20 30 40 50

Figure 5-2,~-Modified storm pattern for the 16,170-sq-mi drainage above Wheeler Dam centered
near Nickajack Dam, Outer isohyets have been warped to reduce the "basin-shape" factor.
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Figure 5-3.--Generalized storm pattern with a major-to-minor axis ratio of 5:2, This is an
alternate pattern used only for the 16,170-sq-mi drainage above Wheeler Dam,
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Figure 5-4,--Modified storm pattern based on figure 5-3 and used only for the 16,170-sq-mi
drainage above Wheeler Dam.
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Figure 5-5.--Regions used for storm selection in isohyetal
orientation study. The center of the rainfall had to be
within the borders of the larger area in the figure. Further-
more, a significant portion of the isohyetal pattern had to

fall within the hatched area.
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Figure 6~1.--Depth-area relations for 9-day hypothetical sequences and comparisons
with adopted PMP and TVA precipitation plus dry internal and antecedent rainfall,
The upper mean of 7 hypothetical sequences are from sequences in which one storm,
in each case, was maximized for moisture.
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Figure 6-2.~—Ratios of long-duration rain to 3-day rain in
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Ohio River Watershed while the May 1943 sequence of storms

observed storms.

were in Oklahoma.
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Figure 6-3,--Nashville once~a-day precipitable water values
for March and the first half of April in 1954, 1957 and

1960,

Runs of high precipitable water cases are hatched.

Linear interpolation was used when data were missing,
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